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Abstract. In this paper, we have extended the composite Skyrme model proposed by H. Y. Cheung, F.
Gursey to some respects of theoretical physics such as supersymmetry, gravitation.
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1 Introduction
The Skyrme model [2] was proposed to repair weak points of QCD at low energy (in GeV). Time
by time, it really become a phenomenological model of baryons. In 1990, H. Y. Cheung, F. Gursey
[1] gave the general Skyrme model in which the sigma model [3] and the V −T model [9] were two
special cases corresponding to n=1 and n=2. When Cheung and Gursey constructed composite
Skyrme model, they also didn’t let the mass of pion into the Lagrangian density [1] because of its
spontaneous symmetry breaking [3, 4]. However, datum of prediction are not really axact. However,
datum of prediction are not really axact [1]. So, we have proposed the Lagrangian density with the
pion’s mass. In 1984, E. A. Bergshoeff, R. I. Nepomachie, H. J. Schnitzer proposed Skyrmion of
four-dimensional supersymmetric non-linear sigma model [5]. However, there were not papers that
concerned with an extending the composite Skyrme model to the supersymmetry. Thus, we have
performed to extend the commposite Skyrme model into supersymmetry. Recently, the Einstein-
Skyrme system has been studied by several authors [6, 7, 8]. And then the skyrmion to be the
gravitating skyrmion. All of these study were related to the non-linear Skyrme model but were
not related to the composite Skyrme model. Thus, we have constructed the gravitating composite
skyrmion.
2 The mass of pion
The Lagrangian density is defined as
Lpionn = Ln +
1
8n
m2πF
2
π [Tr (U
n)− 2] . (1)
Putting the hedgehog solution given by Skyrme [2] Uo (r) = exp [iτ.rˆF (r)] into the La-
grangian density (1), we have
Lpionn = Ln +
1
4n
m2πF
2
π (cosnF − 1) , (2)
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where τ ’s are Pauli’s matrices, rˆ = ~r|~r| and
Ln = F
2
π
8
[(
dF
dr
)2
+ 2
sin2 nF
n2r2
]
+
sin2 nF
2e2n2r2
[
2
(
dF
dr
)2
+
sin2 nF
n2r2
]
. (3)
The static energy of chiral field is
Epionn =
Fπ
e
An +
1
e3Fπ
Θn, (4)
where
An =
∞∫
0
4πr˜2
{[
F ′2
8
+
sin2 nF
4n2r˜2
]
+
e2F 4π sin
2 nF
n2r˜2
[
F ′2 +
sin2 nF
2n2r˜2
]}
dr˜, (5)
Θn =
∞∫
0
πr˜2m2π
n
(cosnF − 1) dr˜, (6)
and r˜ = eFπr is a dimensionless variable.
Now, we shall quantize the hedgehog solution ( or soliton) by collective coordinates A (t) =
ao (t) + i~a (t) ~τ with coditions aµaµ = 1 and aµa˙µ = 0 (µ = 0, 1, 2, 3). By this way, solitons being
real partilces. Different quantizations make different real particles. With the A (t) matrix, the
Un (x, t) will transform as Un (x, t) = A (t)Un0 (x)A
−1 (t). We put Un (x, t) into Eq. (1) then the
Lagrangian is
Ln = −Epionn + ΓnTr
[
∂0A (t) ∂0A
−1 (t)
]
= −Epionn + 2Γn
3∑
µ=0
a˙2µ, (7)
where
Γn =
1
e3Fπ
Φn, (8)
Φn =
2π
3n2
∞∫
0
r˜2 sin2 nF
{
1 + 4
[(
dF
dr˜
)2
+
sin2 nF
n2r˜2
]}
dr˜. (9)
The conjugate momenta are defined as
πµ =
∂Ln
∂a˙µ
= ∂
[
−Epionn + 2Γn
3∑
µ=0
a˙2µ
]
/∂a˙µ = 4Γna˙µ. (10)
From Eq. (7), we can get the Hamiltonian
Hn = πµa˙µ − Ln = 4Γna˙µa˙µ − Ln = Epionn + 2Γna˙µa˙µ = Epionn +
(
3∑
µ=0
π2µ
)
/8Γn. (11)
Canonical quantizing momenta πµ = −i∂/∂aµ takes the Hamiltonian as
Hn = Epionn + (1/8Γn)
3∑
µ=0
(−∂2/∂a2µ). (12)
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The isotopic vector ~c is defined as
A˙†A = (a˙0 − ia˙iτi) (a0 + iaiτi) = a˙0a0 +~˙a~a− i
(
a0˙~a− a˙0~a+ ~a×~˙a
)
~τ = −i~c~τ . (13)
The square isotopic vector ~c is
~c2 = ~a2a˙20 +~˙a
2a20 + ~a
2˙~a2 − (˙~a~a)2 − 2a˙0a0˙~a~a = ~a2a˙20 +~˙a2a20 + ~a2˙~a2 − (˙~a~a)2 + 2(˙~a~a)2 = a˙µa˙µ. (14)
In the configuration of hedgehog, the spin and isospin rotation are equivalent. We can
homogenize ~c2 with the square of spin and isospin
~c2 =
1
16Γ2n
~J2 =
1
16Γ2n
~T 2. (15)
Thus, we have the Hamiltonian
Hn = Epionn +
1
8Γn
~J2 = Epionn +
1
8Γn
~T 2, (16)
where ~J is a spin and ~T is an isospin. Eigenvalues of Hamiltonian (16) are
Mn = En =
Fπ
e
An +
1
e3Fπ
Θn +
l (l + 2)
8Γn
, (17)
where l = 2J = 2I and (J, I) are respectively the isospin and spin quantum numbers. So, the mass
of nucleon (J = 1/2) and delta (J = 3/2) are given by
MN =
Fπ
e
An +
1
e3Fπ
Θn +
3e3Fπ
8Φn
, (18)
M∆ =
Fπ
e
An +
1
e3Fπ
Θn +
15e3Fπ
8Φn
. (19)
From Eqs. (18) and (19), we can get
Fπ =
2 (M∆ −MN)Φn
3e3
, (20)
e = 4
√
4 (M∆ −MN )3Φ2nAn
6MN (M∆ −MN)2 Φn − 9Θn − 3 (M∆ −MN )2Φn
. (21)
We obtain the nonlinear differential equation of F (r˜) from the minimum condition of the
chiral field’s energy: δFEpionn = 0(
r˜2
4
+
2
n2
sin2 nF
)
F ′′ +
r˜
2
F ′ +
sin 2nF
n
(
F ′2 − sin
2 nF
n2r˜2
− 1
4
)
− βr˜2 sinnF = 0, (22)
where
β =
m2π
4e2F 2π
. (23)
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We see that Eq. (23) contain the constant of e and Fπ but their values are not known.
They can be found after we solve Eq. (22). Thus, we must use the special way to solve Eq. (22).
Firstly, we assume the value of β∗, put it into Eq. (22) to solve this equation. When numerical
solution of Eq. (22) is found, values of Fπ , e and β
∗∗ will be found from Eqs. (20), (21) and (23).
After, we shall compare two β∗ and β∗∗ until they equal approximately together. For the case of
n = 4, we need the value of β is 0.0025.
After constructing coposite Skyrme model with pion’s mass, we shall apply this model to
calculate some static properties of nucleon (proton and neutron) [1] in a case of n = 4. And
numerical results of static properties of nucleon are described in Fig. (2) and the below table
NUMERICAL RESULTS TABLE IN A CASE OF N=4
Quantity Prediction Experiment
e 2.87 -
Fπ(MeV) 446.56 186〈
r2
〉1/2
E,I=0
(fm) 0.21 0.71
〈
r2
〉1/2
E,I=1
(fm) 2.26 0.88
〈
r2
〉1/2
M,I=0
(fm) 1.0 0.81
〈
r2
〉1/2
M,I=1
(fm) 2.26 0.8
µpro(mag) 1.64 2.79
µneu(mag) -1.57 -1.91∣∣∣ µproµneu
∣∣∣ 1.04 1.46
gA 1.22 1.23
3 The supersymmetric composite Skyrme model
The Lagrangian density of composite Skyrme model is defined as
Ln = − f
2
π
16n2
Tr
(
∂µU
−n∂µUn
)
+
1
32e2n4
Tr
([
U−n∂µU
n, U−n∂νU
n
]2)
, (24)
where fπ is the pi-meson decay constant, e is a dimensionless parameter.
The ordinary derivatives in the Lagrangian density (24) is replaced into the covariant deriva-
tives
DµU
n = ∂µU
n − iVµUnτ3, (25)
then Eq. (24) is
Ln = − f
2
π
16n2
Tr
(
DµU
−nDµUn
)
+
1
32e2n4
Tr
([
U−nDµU
n, U−nDνU
n
]2)
. (26)
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Eq. (26) is invariant under the local U (1)R and the global SU (2)L transformations
Un (r)→ AUn (x) eiλ(r)τ3 , A ∈ SU (2)L , (27)
Vµ (r)→ Vµ (r) + ∂µλ (r) . (28)
The gauge field Vµ (r) in Eq. (28) is defined as
Vµ = − i
2n
Tr
(
U−n∂µU
nτ3
)
. (29)
We parametrize the SU (2) matrix Un (r) in terms of the complex scalars Ai
Un (r) =
(
A1 −A∗2
A2 A
∗
1
)
. (30)
From the unitary constraint, we have
U †U = 1⇒ A¯iAi = A∗1A1 +A∗2A2 = 1. (31)
Eq. (25) can be rewritten as
Dµ
(
A1 −A∗2
A2 A
∗
1
)
= ∂µ
(
A1 −A∗2
A2 A
∗
1
)
− iVµ
(
A1 A
∗
2
A2 −A∗1
)
(32)
or
DµAi = (∂µ − iVµ)Ai, (33)
DµA¯i = (∂µ + iVµ) A¯i. (34)
Then, the form of gauge field (29) is
Vµ (r) = − i
2n
A¯i
↔
∂Ai. (35)
With the matrix Un (r) defined in Eq. (30) and the gauge field defined in Eq. (35), the
supersymmetric Lagrangian density is
Ln = − f
2
π
8n2
D¯µA¯D
µA− 1
16e2n2
F 2µν (V ) , (36)
where
Fµν (V ) = ∂µVν − ∂νVµ. (37)
To supersymmetrise composite Skyrme model, we extend Ai to chiral scalar multiplets
(Ai, ψαi, Fi) (i, α = 1, 2) and the vector Vµ (r) to real vector multiplets (Vµ, λα, D). Here, the
fields Fi are complex scalars, D is real scalar, ψαi, λα are Majorana two-component spinors. ψαi
corresponds to a left-handed chiral spinor, ψ¯αi = (ψαi )
∗
corresponds to a right-handed one. The
supersymmetric Lagrangian density is given by
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Lsusy = f
2
pi
8n2
[
−DµA¯iDµAi − 12 iψ¯α˙i (σµ)αα˙
↔
D
µ
ψαi + F¯
iFi−
−iA¯iλαψαi + iAiλ¯α˙ψ¯iα˙ +D
(
A¯iAi − 1
)]
+
+
1
8e2n2
[
−1
2
F 2µν − iλ¯α˙ (σµ)αα˙ ∂µλα +D2
]
. (38)
It is invariant under the following set of supersymmetric transformations [5]
δAi = −εαψαi, (39)
δψαi = −iε¯α˙ (σµ)αα˙DµAi + εαFi, (40)
δFi = −iε¯α˙ (σµ)αα˙Dµψαi − iε¯α˙Aiλ¯α˙, (41)
δVµ = −1
2
i (σµ)
αα˙ (
ε¯α˙λα + εαλ¯α˙
)
, (42)
δλα = ε
β (σµν)βα Fµν + iεαD, (43)
δD =
1
2
(σµ)αα˙ ∂µ
(
ε¯α˙λα − εαλ¯α˙) . (44)
The field equations and their supersymmetric transformations lead to the following con-
straints [5]
A¯iAi = 0, (45)
A¯iψαi = 0, (46)
A¯iFi = 0 (47)
and following algebraic expressions [5]
Vµ = −1
2
{
iA¯i
↔
∂µAi + (σµ)
αα˙
ψ¯iα˙ψαi
}
, (48)
λα = −i
{
F¯ iψαi + i (σ
µ)αα˙ (DµAi) ψ¯
α˙i
}
, (49)
D = DµA¯iDµAi +
1
2
iψ¯α˙i (σµ)αα˙
(
↔
Dµψ
α
i
)
− F¯ iFi. (50)
Setting ψα = Fi = 0, Eq. (39) is
Lsusy = − f
2
π
8n2
D¯µA¯DµA+
1
8e2n2
[
−1
2
F 2µν +
(
D¯µA¯DµA
)2]
. (51)
We see that in Eq. (51) the second term is fourth-order in time derivatives. However, there
are other possible fourth-order terms [5]
A¯A− (D¯µA¯DµA)2 . (52)
Thus, we can add Eq. (52) into Lagrangian density (51)
Lsusy = − f
2
pi
8n2 D¯
µA¯DµA+
1
8e2n2
[
α
{
− 12F 2µν +
(
D¯µA¯DµA
)2}
+
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+β
{
A¯A− (D¯µA¯DµA)2}] . (53)
The hedgehog ansatz is defined as [1, 2]
Un (r) = cosnf (r) + i~τ
~r
r
sinnf (r) . (54)
From Eq. (30), we have
A1 = cosnf (r) + i cos θ sinnf (r) , (55)
A2 = ie
iϕ sin θ sinnf (r) . (56)
Inserting Eqs. (55) and (56) into the supersymmetric Lagrangian density (53), we obtain
the static energy
E = 4π fpie
∫
dxx2
{
1
12
(
f ′2 + 2 sin
2 nf
n2x2
)
+
(
α+β
15
)(
f ′2 − sin2 nfn2x2
)
+
+
β
12
(
f ′′ +
2f ′
nx
− sin 2nf
n2x2
)}
. (57)
From a minimum condition of the hedgehog’s energy δfE = 0, we obtain the following
nonlinear differential equation of f(x)
−x2f ′′ − 2xf ′ + sin 2nfn + 4(α+β)5
[
2f ′′ sin2 nf
n2 − 6x2f ′2f ′′ − 4xf ′3+
+ f
′2 sin 2nf
n +
sin2 nf sin 2nf
n3x2
]
+ β
[
x2f (4) + 4xf
(3)
n − 4f
′′ cos 2nf
n +
+
4f ′2 sin 2nf
n2
− 4 sin
2 nf sin 2nf
n3x2
]
= 0, (58)
where x = efπr is the dimensionless variable.
Two boundary conditions of Eq. (58) are defined as
f (0) = π, (59)
f (∞) = 0. (60)
Eq. (58) can not give the analytic solutions. So we use numerical method to solve it.
4 The gravitational composite Skyrme model
The Lagrangian composite Skyrme model coupled with gravity can be defined as
L = LG + LCS (61)
where LG = 116πGR, R is a curvature scalar and G is a Newton constant,
LCS = − F
2
π
16n2
gµνTr (∂µU
n∂νU
n)+ (62)
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+
1
32e2n4
gµνgρσTr
[
(∂µU
n)U−n, (∂ρU
n)U−n
] [
(∂νU
n)U−n, (∂σU
n)U−n
]
, (63)
U(x) is an SU(2) chiral field, Fπ is the pion decay constant, e is a dimesionless parameter. We
consider the static spherically symmetric metric given by
ds2 = −N2 (r)C (r) dt2 + 1
C (r)
dr2 + r2
(
dθ2 + sin2 θdϕ2
)
, (64)
where
C (r) = 1− 2m (r)
r
. (65)
From the equation
ds2 = gµνdx
µdxν , (66)
we can define tensor metric gµν
gµν =
(
−N2 (r)C (r) , 1
C (r)
, 1, 1
)
diag
(67)
→ √−g = N (r) . (68)
Inserting the hedgehog ansatz proposed by Skyrme [1] U (r) = cosf (r) + i~n~τsinf (r) into the La-
grangian density (1), we can obtain the static energy density for the chiral field
ES = F
2
π
8
(
Cf ′2 + 2
sin2 nf
n2r2
)
+
1
2e2
sin2 nf
n2r2
(
2Cf ′2 +
sin2 nf
n2r2
)
, (69)
where ~τ are Pauli matrices and ~n = ~rr .
Introducing dimensionless variables, they are useful in solving a field equation
x = eFπr, (70)
µ (x) = eFπm (r) . (71)
In terms of x and µ (x), the static energy can be written as
ES =
∫ √−gES4πr2dr, (72)
or
ES = 4π
Fπ
e
Γ, (73)
where
Γ =
∞∫
0
{
1
8
(
ef ′2 + 2
sin2 nf
n2x2
)
+
sin2 nf
2n2x2
(
2Cf ′2 +
sin2 nf
n2x2
)}
Nx2dx. (74)
The energy tensor is defined as
Tij =
2√−g
[
∂ (
√−gLG)
∂gij
− ∂
∂xk
∂ (
√−gLG)
∂gijk
]
, (75)
where
∂
√−g
∂gij
= −1
2
√−ggij . (76)
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Inserting the form of Lagrangian density (61) into Eq. (76), we can get
Tij = − 1
2n2
F 2πTr
(
LiLj − 1
2
gijLµL
µ
)
+
1
8n2
Tr
(
FiµFjνg
µν − 1
4
gijFµνF
µν
)
, (77)
where
Lµ = U
−n∂µU
n, (78)
Fµν = [Lµ, Lν ] . (79)
The Einstein’s gravitational field equation is
Rij − 1
2
gijR = 8πGTij , (80)
or
Rijg
ij − 1
2
gijRg
ij = 8πGTijg
ij . (81)
For i = j = 0,1 we can get two equations for two unknown variables N(x), µ(x)
R00g
00 − 1
2
g00Rg
00 = 8πGT00g
00 (82)
→ N ′ = α
4
(
x+
8 sin2 nf
n2x
)
Nf ′2, (83)
R11g
11 − 1
2
g11Rg
11 = 8πGT11g
11 (84)
→ µ′ = α
8
[(
x2 + 8
sin2 nf
n2
)
Cf ′2 + 2
sin2 nf
n2
+ 4
sin4 nf
x2n4
]
. (85)
where α = 4πGF 2π is the coupling constant. The variation of the static energy of chiral field with
respect to the profile f(x) leads to the field equation
δfES = 0, (86)
NC
(
x2 + 8 sin
2 nf
n2
)
f ′′ +
(
x2 + 8 sin
2 nf
n2
)
N ′Cf ′ −
(
1 + 4 sin
2 nf
n2x2 + 4Cf
′2
)
N sin 2nf+
+ 2 (x+ 4 sin 2nff ′)NCf ′2 + 2
(
1 + 8
sin2 nf
n2x2
)
(µ− µ′x)Nf ′ = 0. (87)
Boundary conditions of this equation are [1, 3]
f (0) = π, (88)
f (∞) = 0. (89)
To describe nucleon states, we need to quantizate classical skyrmion. The useful method that is
used is a collective quantization. Consider collective coordinates are A (t) = a0 (t) + i~τ~a (t) with
conditions aµaµ = 1 and aµa˙µ = 0 (µ = 0, 1, 2, 3 ). By this way, skyrmions to be real particles (as
nucleon). With A(t), the Un (x, t) will trasform as
Un (x, t) = A (t)Un0 (x)A
−1 (t) . (90)
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Putting Eq. (90) into Lagrangian of Einstein-Skyrme system (61), we can get
L = −M + λTr
(
A˙A˙−1
)
= −M + 2λ
3∑
µ=0
a˙2µ, (91)
where M = ES is classical skyrmion’s mass (in the unit c = ~ = 1) and
λ =
2π
3Fπe3
Λ, (92)
Λ =
∞∫
0
1
NC
[
1 + 4
(
Cf ′ +
sin2 nf
n2x2
)
x2 sin2 nf
n2
]
dx. (93)
Following [3], the Hamiltonian is defined as
H =M +
1
8λ
3∑
µ=0
(
− ∂
2
∂a2µ
)
. (94)
Eigenvalues of the Hamiltonian (94) are
E =M +
l (l+ 2)
8λ
, (95)
where l = 2I = 2J and (I, J) are respectively an isospin and a spin quantum number. For the
nucleon (J = 1/2) and the delta (J = 3/2) we get
MN =M +
3
8λ
, (96)
M∆ =M +
15
8λ
. (97)
From Eqs. (73), (74), (92), (93), (96), (97), e and Fπ can be found as
Fπ =
1
4
√
6
4
√
Λ (M∆ −MN ) (5MN −M∆)
π2Γ3
, (98)
e =
16πFπΓ
5MN −M∆ . (99)
The baryon current is defined as
Bµ =
εµνρσ
24π2n
1√−gT r
(
U−n∂νU
nU−n∂ρU
nU−n∂σU
n
)
. (100)
From Eq. (90), the baryon currents zeroth component (baryon number density) is found
B0 = − 1
2π2
1
N
f ′ sin2 nf
r2
. (101)
Using Eqs. (68), (88), (89) the baryon number becomes
B =
∞∫
0
4πr2
√−gB0dr = − 2
π
0∫
π
sin2nfdf = 1. (102)
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The isoscalar mean square radius is defined in terms of the baryon number density
〈
r2
〉
I=0
=
∞∫
0
r2
√−gB04πr2dr =
∞∫
0
4πr4NB0dr = − 1
(eFπ)
2
2
π
∞∫
0
x2f ′ sin2 nfdx. (103)
The isoscalar magnetic square radius is defined as
〈
r2
〉
M,I=0
=
3
5
∞∫
0
r4
√−gB04πr2dr
〈r2〉I=0
. (104)
The other components of baryons current are found
Bi =
iεijk
2π2
1√−g
sin2 nf
r2
f ′xkTr
[
A˙−1Aτj
]
. (105)
From [3], we can get
Bi =
εijk
2π2
1√−g
sin2 nf
r2
f ′xk
Jj
2Γ
. (106)
The time component of vector current V is defined as
V 0i =
i
3
sin2 nf
n2r2
[
F 2π +
4
e2
(
Cf ′2 +
sin2 nf
n2r2
)]
Tr
(
A˙A−1τi
)
, (107)
or
V 0i =
sin2 nf
3n2r2
[
F 2π +
4
e2
(
Cf ′2 +
sin2 nf
n2r2
)]
Ti
2Γ
. (108)
The density of charge of nucleon is defined by Gell-Mann and Nishijima
Q =
∞∫
0
ρnudr = I3 +
1
2
B, (109)
where
B =
∞∫
0
4πr2
√−gB0dr = −
∞∫
0
2f ′ sin2 nf
π
dr, (110)
I3 =
∞∫
0
√−gr2V 03 dΩdr =
∞∫
0
N
4π sin2 nf
3n2
[
F 2π +
4
e2
(
Cf ′2 +
sin2 nf
n2r2
)]
T3
2Γ
dr. (111)
So
ρnu = N
4π sin2 nf
3n2
[
F 2π +
4
e2
(
Cf ′2 +
sin2 nf
n2r2
)]
T3
2Γ
− f
′ sin2 nf
π
. (112)
For T3 = 1/2 and T3 = −1/2 we get respectively the density of charge of proton and neutron. The
isoscalar magnetic moment and isovector magnetic moment are defined as
~µI=0 =
1
2
∫ √−g (~r × ~B) 4πr2dr, (113)
µI=1 =
1
2
∫ √−g (~r × ~V 3)4πr2dr. (114)
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According to [3], final results of Eqs. (113), (114) are defined
µp =
1
4
[
4
9
MN (M∆ −MN)
〈
r2
〉
I=0
+
2MN
M∆ −MN
]
, (115)
µp =
1
4
[
4
9
MN (M∆ −MN)
〈
r2
〉
I=0
− 2MN
M∆ −MN
]
. (116)
5 Conclusions
We have constructed the term of mass of pion and calculated numerically in a case of n = 4. We
have applied this model to define static properties of nucleon. A few obtained results are better
than ones that predicted before [1, 3, 4, 9] as the axial coupling gA =1.22 (in [1]: gA = 1.3, in
[3]: gA = 0.61, in [4]: gA = 0.65, in [9]: gA = 1.27), and µneu(mag) =−1.57 (in [1]: µneu(mag) =
−1.17, in [3]: µneu(mag) = −1.31, in [4]: µneu(mag) = −1.24). We have constructed successfully
the formalism of supersymmetric composite Skyrme model. The proof was that the numerical
solutions of field equation (24) were obtained. This was a role to calculate some static propertities
of nucleon. The formalism of gravitational composite Skyrme model was constructed. In fact, we
have not calculated numerically the field equation and some properties of nucleon, but we believed
that they will be perfomed in the near future. We also believed that our results could be applied
in some fields of cosmology.
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* figures for a case of pion’s mass
Figure 1: F (r˜) as a function of the radial distance r˜
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Figure 2: Neutron and proton charge densities ρ (r) as functions of the distance r(fm)
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** the figure for a case of supersymmetry
Figure 3: The numerical solution f(x) at α = 1, β = 0, n = 2, 3
